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INTRODUCTION {#s1}
============

Cirrhosis is one of the leading causes of death in the United States and results in a significant economic burden ranges from \$14 million to \$2 billion due to its underlying etiology.^[@R1],[@R2]^ According to the global burden of disease (GBD) study in 2013, cirrhosis is the 6^th^ cause of death in developed countries and among the 10 most common causes of death in different world areas.^[@R3]^ This burden is expected to rise in the forthcoming years due to the increasing prevalence of cirrhotic cases related to HCV infection and non-alcoholic steatohepatitis (NASH).^[@R4],[@R5]^ Different studies show that most of patients with cirrhosis ultimately develop some degrees of hepatic encephalopathy and this condition is highly associated with increased mortality and health care costs.^[@R6]^ Hepatic encephalopathy, is further classified to overt hepatic encephalopathy (OHE) and minimal hepatic encephalopathy (MHE).^[@R7]^ It is estimated that 30-45% and 60-80% of patients with cirrhosis finally show OHE and MHE, respectively.^[@R6],[@R8]-[@R10]^

There is a dearth of evidence backed by large, well controlled clinical trials in favor of specific treatment options currently in use for patients with MHE.^[@R11]^ However the existing evidence suggests some benefit of lactulose in the treatment of MHE.^[@R12],[@R13]^

Treatment of patients with OHE is mainly based on the eliminating of underlying precipitating factors, nutritional supports, and reduction of blood ammonia level.^[@R11],[@R14]^ Lactulose and rifaximin are the most widely used medications to reduce ammonia production; however their exact mechanism of action is still unclear.^[@R11]^

Rifaximin is a non-absorbable antibiotic that has been used for patients with OHE. It acts against coliforms like *Escherichia coli*, reduces the amount of serum ammonia and improves hepatic encephalopathy.^[@R15]^ A meta-analysis of 19 randomized controlled trials showed that rifaximin had beneficial effects on patients with OHE and may also reduce mortality in this population.^[@R16]^ However its cost remains a concern. A decision-analysis study found that rifaximin was not cost-effective as monotherapy in the treatment of patients with hepatic encephalopathy.^[@R17]^

Approximately 70% of patients with OHE improve on lactulose treatment.^[@R18]^ When used for secondary prophylaxis, lactulose reduces recurrent episodes of hepatic encephalopathy, but does not affect mortality.^[@R19]^ Lactulose is currently considered as the first line treatment of patients with OHE although there is no high-quality evidence to support it.^[@R20]^ In a Cochrane review, no significant differences in outcome was seen between the patients treated with or without lactulose.^[@R21]^ As a patient with OHE is admitted to hospital, predisposing factors often resolve along with the improvement in mental status; thus understanding the exact role of lactulose in this improvement is somehow difficult.^[@R22]^

Polyethylene glycol (PEG) is being studied for the treatment of hepatic encephalopathy in patients with cirrhosis and limited research has shown positive effects.^[@R23]^ In this clinical trial, PEG solution plus lactulose is compared with lactulose in the treatment of hepatic encephalopathy in patients with cirrhosis.

MATERIALS AND METHODS {#s2}
=====================

This randomized controlled trial (RCT) was reviewed and approved by Tehran University of Medical Sciences (TUMS) and the review board of Digestive Disease Research Institute (DDRI; approval letter number 416/984). All the studied patients provided an informed consent signed by themselves or their legally authorized representatives (LARs). LARs and the patients were free to quit this study anytime.

This RCT was performed in Shariati Hospital, a referral center for gastroenterological and liver diseases, Tehran province, Iran, from September 2015 to January 2016.

According to previous trials that had studied the effect of PEG and lactulose in the treatment of patients with cirrhosis and hepatic encephalopathy, we estimated the 24-hour improvement in hepatic encephalopathy scoring algorithm (HESA) score (see the next part) for PEG-lactulose group about 80% and for lactulose group about 50%.^[@R23]-[@R26]^ In addition, we assumed 2-sided first type error and second type error as 0.05 and 0.20, respectively and a drop-out rate of about 15%. Thus it is estimated that in order to have a statistically significant difference between two treatment groups, we need 24 patients in each group.

All patients with a known history of cirrhosis who presented with episodic hepatic encephalopathy were eligible to participate. Hepatic encephalopathy was defined as the onset of disorientation or asterixis according to The International Society for Hepatic Encephalopathy and Nitrogen Metabolism consensus and was assessed using HESA score.^[@R8]^

Patients having all the following criteria were included:

1.  \- Documented cirrhosis with any underlying etiology

2.  \- Hepatic encephalopathy of any grade

3.  \- 18 to 80 years of age

Exclusion criteria were as follows:

1.  \- Acute liver failure defined as severe acute liver injury with encephalopathy and international normalized ratio (INR)≥1.5 in a patient without pre-existing liver disease

2.  \- Acute change in mental status due to a diagnosis other than hepatic encephalopathy

3.  \- Hemodynamic instability obviating vasopressors for resuscitation

4.  \- Pregnancy

5.  \- Lack of LAR

6.  \- Refusal of consent by the LAR

7.  \- Patient's unwillingness to participate

The patients were randomly assigned to two groups according to a series of block randomization numbers (8 blocks of 6 patients). The patients in the lactulose group received either 20-30 grams of lactulose (at least 3 doses in 24 hours) orally or by a nasogastric tube, or 200 grams of lactulose enema by a rectal tube. The patients in the PEG--lactulose group received the same amount of oral or rectal lactulose, plus 280 grams of PEG in 4 liters of water orally as a single dose during 30-120 minutes. Lactulose dose increased until at least two soft or loose bowel movements per day were produced. All the patients received otherwise routine care by the treating physician.

Serial physical examinations were performed at presentation and 24 hours later. We used HESA score to evaluate the severity of hepatic encephalopathy. This scoring system is an objective instrument and is more widely adopted than West Haven criteria.^[@R27]^ In order to avoid interpersonal variations, HESA scores at baseline and 24 hours afterwards were calculated by the same investigator.

Blood level of ammonia and serum biochemical studies were checked in all patients at baseline and 24 hours after starting treatment. All samples were collected in EDTA containing tubes and transported to the laboratory in ice in less than 15 minutes of collection.

Child-Turcotte-Pugh (CTP) score and Model for End-Stage Liver Disease (MELD) scores were calculated for all the patients. Cause of cirrhosis was obtained from past medical records. Major outcome was the change in HESA score after 24 hours. The patients were also compared regarding the length of hospital stay and blood ammonia levels and biochemical studies.

One of the team members was responsible for prescribing either PEG-lactulose or lactulose alone to eligible patients, while HESA scores at presentation and 24 hours later were calculated by another team member avoiding possible biases. The clinical evaluator had been experienced previously in the diagnosis of hepatic encephalopathy and in the performance of HESA. Also statistical analyses were done by another member who was totally masked to the treatment groups.

Primary outcome of this trial was defined as at least one scale improvement in HESA score. Secondary outcomes were overall length of hospital stay and changes in blood ammonia level.

IBM SPSS software version 22 for windows was used to analyze the data. We used Pearson Chi-square test and Fisher's exact test for qualitative analysis, Shapiro-Wilk test to assess normal distribution, independent sample Mann Whitney U test and Log Rank test for non-parametric analysis and independent sample *t* test for parametric analysis. A cut-off of 0.05 for statistical significance was presumed.

RESULTS {#s3}
=======

Of the 48 eligible patients to enter the study, 2 patients in each group refused to consent. Three patients in lactulose group and one patient in PEG-lactulose group had received sedative drugs. Since the diagnosis of hepatic encephalopathy is based on the exclusion of other diagnoses, we excluded their data from the final analysis.

Basic demographic data were similar between the groups ([table 1](#T1){ref-type="table"}). Hepatitis B, hepatitis C, and cryptogenic cirrhosis were the most common underlying causes of cirrhosis. There were no significant differences in the underlying etiology of cirrhosis. Gastrointestinal (GI) bleeding and constipation were the most common precipitating factors of hepatic encephalopathy. No significant difference was seen in the precipitating factors of encephalopathy between the treatment groups. Severity of cirrhosis according to MELD score and CTP score was also comparable between the two groups. Three patients in lactulose group and two patients in PEG-lactulose group received lactulose enema (*p* =0.63).

###### Basic demographic and clinical information

  -------------------------------- --------------- ---------------------- -------------------- ----------------------------
  **Variables**                    **All**\        **Lactulose Group**\   **PEG-lactulose**\   **Significant Difference**
                                   **Patients**\   **(n=19)**             **Group**\           
                                   **(n=40)**                             **(n=21)**           

  **Age, mean (SD), y**            56.45 (10.86)   59.63 (9.24)           53.57 (11.61)        No

  **Men, n**                       27              11                     16                   No

  **Cirrhosis Cause, n**                                                                       No

  Alcoholic fatty liver disease    2               1                      1                    

  Autoimmune hepatitis             1               1                      0                    

  Cryptogenic                      11              6                      5                    

  Hepatitis B                      12              6                      6                    

  Hepatitis C                      9               4                      5                    

  NASH                             2               1                      1                    

  Portal thrombosis                2               0                      2                    

  Primary sclerosing cholangitis   1               0                      1                    

  **Encephalopathy Cause, n**                                                                  No

  Constipation                     15              9                      6                    

  Electrolyte disturbance          2               1                      1                    

  GI bleeding                      18              7                      11                   

  HCC                              1               0                      1                    

  Infection                        4               2                      2                    

  **MELD score, median (IQR)**     17.5 (10)       17.5 (6)               17.5 (15)            No

  **CTP score, median (IQR)**      9 (3)           9 (2)                  9.5 (3)              No

  **Lactulose enema, n**           5               3                      2                    No
  -------------------------------- --------------- ---------------------- -------------------- ----------------------------

NASH: non-alcoholic steatohepatitis, HCC: hepatocellular carcinoma, CTP: Child-Turcotte-Pugh, MELD: Model of End-stage Liver Disease, PEG: polyethylene glycol 3350.

In addition, baseline lab data including blood level of ammonia was similar between PEG-lactulose group and lactulose group ([tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

###### Laboratory data

  --------------------------------------------- --------------- ---------------------- -------------------- ----------------------------
  **Variables**                                 **All**\        **Lactulose Group**\   **PEG-lactulose**\   **Significant Difference**
                                                **Patients**\   **(n=19)**             **Group**\           
                                                **(n=40)**                             **(n=21)**           

  WBC count, mean (SD), × 10^9^/L               8.6 (5.8)       9.8 (7.1)              7.6 (4.2)            No

  Hemoglobin concentration, mean (SD), mg/dL    10.7 (2.5)      10.7 (2.0)             10.6 (2.9)           No

  Platelet count, mean (SD), × 10^3^/uL         99.7 (59.5)     98.0 (65.3)            101.2 (55.3)         No

  BUN, mean (SD), mg/dL                         35.7 (25.8)     38.8 (25.5)            32.8 (26.4)          No

  Creatinine, mean (SD), mg/dL                  1.4 (0.8)       1.5 (0.8)              1.2 (0.6)            No

  Total bilirubin, mean (SD), mg/dL             7.3 (11.6)      5.1 (7.9)              9.3 (14.0)           No

  Direct bilirubin, mean (SD), mg/dL            3.7 (6.9)       2.2 (3.9)              5.1 (8.7)            No

  Prothrombin time, mean (SD), sec              21.8 (10.4)     19.7 (7)               23.7 (12.7)          No

  Partial thromboplastin time, mean (SD), sec   37.6 (17.4)     35.6 (11.5)            39.4 (21.6)          No

  INR, mean (SD)                                1.8 (1.0)       1.6 (0.6)              2.0 (1.3)            No

  Total protein, mean (SD), g/dL                4.9 (0.8)       4.8 (0.8)              4.9 (0.7)            No

  Serum albumin, mean (SD), g/dL                2.8 (0.5)       2.8 (0.5)              2.8 (0.6)            No
  --------------------------------------------- --------------- ---------------------- -------------------- ----------------------------

WBC, white blood cell; BUN, blood urea nitrogen; INR, international normalized ratio.

###### Study outcomes

  -------------------------------------------------- --------------- ---------------------- -------------------- ------------------
  **Variables**                                      **All**\        **Lactulose Group**\   **PEG-lactulose**\   **Significant**\
                                                     **Patients**\   **(n=19)**             **Group**\           **Difference**
                                                     **(n=40)**                             **(n=21)**           

  Baseline HESA score                                                                                            0.34

  2                                                  16              8                      12                   

  1                                                  24              11                     9                    

  24-h HESA score change, mean (SD)                  1 (0.57)        0.77 (0.53)            1.23 (0.53)          \*0.04

  One or more score improvement in HESA score, n     34              14                     20                   \*0.05

  **24-h ammonia level change, mean (SD), µmol/L**                                                               

  Baseline level                                     77.6 (30.5)     72.5 (28.4)            82.1 (32.3)          0.30

  After 24-h                                         41.2 (25.5)     37.0 (18.6)            45.1 (30.4)          0.55

  Difference                                         36.3 (21.1)     35.6 (17.8)            37.0 (24.2)          0.81

  Length of hospital stay, mean (SE), day            7.8 (0.4)       8.9 (0.7)              6.8 (0.5)            \*0.03
  -------------------------------------------------- --------------- ---------------------- -------------------- ------------------

We used Mann Whitney U test to analyze "baseline HESA score", "24-h HESA score change" and "24-h ammonia level change" due to lack of normal distribution. Fisher's exact test was used to analyze "one or more score improvement in HESA score". Data for "length of hospital stay" were analyzed using Log-rank test.

In comparison with lactulose alone, PEG-lactulose could improve HESA score in 24 hours more effectively (*p* =0.04, [table 3](#T3){ref-type="table"}). 20 patients in PEG-lactulose group had a decrease of at least 1 HESA score after 24 hours, as compared with 14 patients in lactulose group and the difference was significant (*p* =0.05, [figure 1](#F1){ref-type="fig"}).

![24-hour HESA score changes in lactulose and PEG-lactulose groups](mejdd-9-12-g001){#F1}

Of the 21 patients in PEG-lactulose arm, 1 patient had no improvement in HESA score, 14 patients had improvement of one score and 6 patients improved by two scores. Of the 19 patients in lactulose arm, 5 patients had no improvement in HESA score, 13 patients had improvement as much as one score and 1 patient had improvement up to two scores ([figure 1](#F1){ref-type="fig"}).

There was no significant change in the blood level of ammonia after 24 hours between the treatment groups (*p* =0.858, [table 3](#T3){ref-type="table"}). But, PEG-lactulose regimen was associated with a decrease in length of hospital stay as compared with lactulose treatment (*p* =0.03, [figure 2](#F2){ref-type="fig"}).

![Time to discharge in patients presented with hepatic encephalopathy(HE)](mejdd-9-12-g002){#F2}

There were no notable adverse effects in either PEG-lactulose group or in lactulose group. Death did not occur in any of the groups up to the end of hospital discharge. There were not any significant changes in electrolyte levels and kidney functions as well.

DISCUSSION {#s4}
==========

The results of this study show that use of PEG along with lactulose in comparison with lactulose alone, is more effective in the treatment of hepatic encephalopathy in patients with cirrhosis. By accelerating the treatment of hepatic encephalopathy, PEG can help patients to return to normal life more rapidly and decrease the direct and indirect cost of illness caused by hepatic encephalopathy. PEG, which resolves decreased level of consciousness more effectively and more rapidly in the first 24 hours, can also help physicians to identify the other causes of altered mental status more quickly and more accurately.

The exact mechanism resulting in hepatic encephalopathy is poorly understood.^[@R28]^ Many studies have suggested the role of ammonia production in GI tract and impaired ammonia elimination by an imperfect liver ^[@R21],[@R29]^; thus reduction in the amount of GI bacteria by the use of antibiotics and colon cleansing agents may play a therapeutic role in hepatic encephalopathy. This therapeutic strategy is dissociated with the underlying cause of hepatic encephalopathy i.e. whether GI bleeding or electrolyte disturbance was the precipitating factor, administration of cleansing agents might be helpful in resolving hepatic encephalopathy. PEG is a safe osmotic laxative most commonly used for colon preparation before colonoscopy and is an inexpensive, widely accessible laxative in many settings. Due to the past literature review, this randomized controlled trial could show the effectiveness of PEG in the treatment of hepatic encephalopathy for the second time. Compatible with a previous study ^[@R23]^, in this trial PEG-lactulose could improve hepatic encephalopathy more rapidly than lactulose alone, but there were no significant differences in blood level of ammonia between the two groups. Up to the best of our knowledge, ammonia or better to say NH~3~ (not NH~4~^+^) plays the major role in altered mental status in encephalopathic cirrhotic patients, because only NH3 can easily pass over blood brain barrier.^[@R30]^ If we measured the amount of free NH~3~ instead of total blood level of ammonia, we could probably find a difference between the two treatment groups. It is noteworthy that PEG causes a mild metabolic acidosis, resulting in increased NH~4~^+^ level and decreased NH~3~. These chemical changes might explain the effect of PEG in rapid improvement of altered mental status without any significant change in ammonia level.^[@R30],[@R31]^ In addition, some other studies have challenged the use of blood ammonia as an indicator for severity of hepatic encephalopathy, especially in grade 0 to grade 2 encephalopathy.^[@R32]-[@R34]^

It is worth mentioning that because of GI bleeding, 7 patients in lactulose group and 11 patients in PEG-lactulose group (*p* =0.32) received ceftriaxone 1g daily for 3 days as a preventive strategy against spontaneous bacterial peritonitis. Since there is no significant difference in the number of these patients between the two groups, we can assume that prophylactic antibiotic therapy did not confound the results of this trial.

There are some notable limitations in our study. This trial assessed the effect of PEG in only one hospital. In this trial, we used a unique dose of PEG, namely the same dose being used for preparing the colon for colonoscopy. More studies of escalating doses should be designed to reach the optimum dose of PEG with minimum adverse effects in the treatment of hepatic encephalopathy. Finally this was a non-inferiority trial; superiority trials that weigh PEG alone versus other conventional treatments like lactulose, help researchers to understand the effect of PEG much better.

This randomized controlled trial showed that the use of PEG together with lactulose in comparison with lactulose alone is a more effective way in the treatment of hepatic encephalopathy in patients with cirrhosis and results in more rapid discharge from hospital. Larger and multicenter trials with different doses of PEG and different target population should be performed to make PEG as a routine treatment for patients with cirrhosis and encephalopathy.

We would like to express our sincere thanks to Dr Mohamadreza Aghamirsalim and Dr Mani Beigi whose constructive comments enabled us to perform this trial much better.

**Source of funding:** Digestive Disease Research Institute, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran

(Registration ID in IRCT.IR: IRCT2015083117719N2)

**CONFLICT OF INTEREST** The authors declare no conflict of interest related to this work.
